We investigated infants with respiratory distress within 4 days of birth whose mothers had not received antibiotic prophylaxis to evaluate the frequency and etiology of bacterial infection and associated risk factors. The study was conducted on 261 infants suffering respiratory distress admitted to a Brazilian neonatal intensive care unit, 94 per cent of whom were born prematurely. Gestational and delivery history; bacteriological cultures of blood, cerebrospinal fluid, tracheal aspirates and urine; complete and differential blood counts; a urinary group B streptococcal latex antigen test; and a chest radiograph were analysed. Indications of infection were found in 38. 
Introduction
Maternally-derived, neonatal bacterial infection frequently manifests during the first days of life. Approximately 60-80 per cent of these episodes are apparent within 24 h after birth. 1 Independently of the organs affected, respiratory distress in the first hours of life is a sign of early-onset sepsis in approximately 80 per cent of infected newborns. 2 However, respiratory distress in the first hours of life may be a non-specific manifestation of hyaline membrane disease or transient tachypnea of the newborn lacking distinguishable clinical and radiographic features during the early phases of the disease. 3 The etiology of early-onset, neonatal bacterial infection caused by micro-organisms that commonly colonize or infect the maternal genital tract varies around the world. 1 Such differences probably reflect cultural characteristics, sexual and hygienic habits, nutritional conditions and obstetric practices, as well as the use of antibiotics in the populations studied. 5, 6 Differing from countries in western Europe or North America where Group B Streptococcus (GBS) was the predominant agent of neonatal bacterial infection in the 1990s, 7 hospital-based studies from many other geographical regions of the world have shown that Gram-negative organisms are the bacterial pathogens most frequently isolated from newborn infants with sepsis. 1 However, most studies make no distinction between early and late onset sepsis, and several reports recognize that GBS is also an important causative agent of neonatal infection in tropical countries. 8, 9 The purpose of the present study was to investigate infants admitted to a Brazilian neonatal intensive care unit at a University Hospital exhibiting respiratory distress within the first 4 days of life in an attempt to analyse the frequency of bacterial infection, and its etiology, and to identify the associated risk factors.
Materials and Methods
Infants admitted to the neonatal intensive care unit of the University Hospital (Hospital das Clínicas da Faculdade de Medicina de Ribeirão Preto, Universidade de São Paulo-HCFMRP-USP) were prospectively selected during a 20-month observation period. This unit is a reference center for a region with 18 000 births/year. The study was approved by the Ethics Committee of HCFMRP-USP, and written informed consent was obtained.
Recruitment criteria included the presence of respiratory distress (tachypnea, apneic spells, central cyanosis, nasal flare, intercostal retractions, and/or grunting) apparent within 4 days of birth, independently of the concomitant occurrence of signs of systemic infection, respiratory failure, or radiographic findings.
Infants with respiratory distress caused by aspiration syndrome, pulmonary malformation, diaphragmatic hernia, cardiac or central nervous system malformation, polycythemia or drug related respiratory depression, or infants with respiratory distress not persisting for at least 24 h after diagnosis were not included in the study.
Data concerning the mothers and pregnancy were obtained during an interview and by examining medical records. Intrapartum maternal axillary temperature ≥ 38°C, foul odor, maternal leukocytosis, and uterine tenderness were taken as signs suggestive of intra-amniotic infection.
Clinical and laboratory evaluation of newborn infants
All newborn infants were submitted to a complete clinical evaluation at enrolment and every 24 h. Gestational age was estimated from the date of the last menstrual period according to the method of Capurro, et al. 10 and of Ballard, et al. 11 in the case of extremely premature infants. After inclusion in the study, white blood cell counts, platelet counts, and differential white cell counts were done. Each white cell count was assigned a hematological sepsis score as described by Rodwell, et al. 12 A chest X-ray was performed after identification of respiratory distress, and was independently interpreted by two radiologists.
Blood and urine specimens were collected under aseptic conditions from all infants before administration of antibiotics when prescribed by the attending physician. Blood and urine from all infants, tracheal aspirate obtained within the first 12 h after intubation (44 newborns), and cerebrospinal fluid (CSF) when clinically indicated (14 newborns) were cultured on conventional microbiological techniques, and standard laboratory methods were used for the bacteriological identification of the isolated strains in cultured biological fluids. A latex agglutination test for the detection of GBS antigen ('Wellcogen Strep B'; Murex Diagnostics Limited, Dartford, England) was performed on a urine specimen from all infants. This test was done on refrigerated urine less than 24 h after collection, in a 20-25-fold concentrated urine specimen. 13 
Criteria for diagnosis of infection in neonates
Blood cultures positive for organisms generally considered to be contaminants, including Corynebacterium sp. (n = 6) and Bacillus sp. (n = 3), were not considered as evidence of confirmed bacterial infection. Blood cultures positive for coagulase-negative staphylococci were only considered evidence of a true infection when based on the clinical course and a positive hematological score and/or an abnormal radiological finding. For all other pathogens, infection was confirmed by the presence of the organisms in the blood culture and/or CSF. Cross-reaction of the latex agglutination (LA) test, used for the detection of GBS antigen, with bacteria from the perineal or rectal flora as urine contaminants, was monitored in all infants using urine culture results. Infants with negative blood cultures, negative urine cultures, and a positive GBS latex agglutination test were considered to be presumably infected with GBS. A urine culture developed GBS in a single infant, returning a positive LA test which showed no other signs or symptoms of infection. In this case, the LA test was considered to be false-positive and the infant was not defined as presumably infected.
Bacterial infection was considered suspected when an infant with negative cultures and a negative LA test showed radiologically confirmed pneumonia (foci of patchy infiltrates in one or both lungs or reticulogranularity or haziness in both lungs) and/or a Rodwell's 12 score of 3 or more. The remaining infants were classified as improbably infected.
Data analysis
The data were analysed using the Epi-Info version 6.04 and Statistical Analysis System (version 6.12) software packages. After classification into three different categories of neonatal infection diagnosis (confirmed/presumed, suspected or improbable), the Kruskal-Wallis one-way analysis of variance was used to compare birthweight and gestational age among the groups. Categorical variables were compared by the chi-squared test.
To estimate better the risk factors for infection, after unadjusted analysis, a logistic regression model based on the forward-stepwise method was used to determine the independent effects of each simultaneously selected risk factor. The model was applied considering the outcome confirmed or suspected infection vs. improbable infection. The contribution of each risk factor was verified at the ␣ = 5 per cent level.
Results
Initially, 318 neonates were enrolled in the study. Fifty-seven (18 per cent) newborns were subsequently excluded: respiratory distress persisted for less than 24 h in 30 newborn infants, suggesting a diagnosis of pulmonary maladaptation syndrome; no blood sample had been collected prior to antibiotic use in 18 infants and urine was not collected from two infants; four infants had congenital cardiac disease; two exhibited meconium aspiration syndrome; and the remaining infant presented symptomatic polycythemia. A total of 261 prospectively enrolled, newborn infants completed the study. Respiratory distress was diagnosed at a mean interval of 3.2 h (range 0-96 h). Antimicrobial therapy was administered to 247 infants (95 per cent) over a period of at least 72 h.
There were 25 pairs of twins among the infants who completed the study. Among the 236 mothers, 77.8 per cent had been evaluated during prenatal care and 68.2 per cent were multiparous. Although signs suggestive of intra-amniotic infection were found in 55 mothers (21.1 per cent), only 21 (8.9 per cent) received antibiotics prior to or close to delivery, owing to the diagnosis of chorioamnionitis, syphilis, pneumonia, sepsis, or urinary tract infection.
Most infants (94 per cent, 246/261) were born prematurely (gestational age < 37 weeks). Furthermore, 70 per cent of the infants (183/261) had a gestational age of less than 34 weeks, and 38.3 per cent (100/261) weighed < 1500 g at birth. Correlates of infection Table 1 shows prenatal, intrapartum, and neonatal characteristics of infants with confirmed or suspected infection, and of those showing no signs allowing the diagnosis of bacterial infection. None of the prenatal or demographic neonatal variables studied were associated with neonatal infection in this group of infants. However, intrapartum variables (membrane rupture, maternal signs of intra-amniotic infection, and vaginal delivery), and neonatal white blood cell indexes were associated with neonatal infection. These features were more frequently found in infants with confirmed or presumed bacterial infection while maternal antibiotic use was more frequent in infants with suspected infection (Table 1) . Table 2 shows the variables associated with bacterial infection when infants with confirmed or presumed infection were compared with those with improbable infection. After adjustment for covariates, the presence of maternal fever and/or signs of intra-amniotic infection was independently and significantly associated with confirmed neonatal infection in infants while vaginal delivery was marginally associated with this outcome (p = 0.05). In addition, confirmed bacterial infection was much more likely to be diagnosed in infants showing a band/neutrophil ratio ≥ 0.16 and in those with a band/polymorphonuclear cell ratio ≥ 0.30.
Frequency of bacterial infection and causative agents

Discussion
Neonatal respiratory distress, the principal reason for referral of infants to neonatal intensive care units, represents the single most common symptom of neonatal bacterial infection. 4 Studying neonates with respiratory distress within 4 days of life was chosen not only as a means of assessing the incidence of bacterial infection and its correlates but also as a means of evaluating the etiology of neonatal bacterial infection of maternal origin. In addition, considering that most (93 per cent) mothers did not receive antibiotics prior to delivery, we also attempted to estimate the importance of Grampositive bacteria, mainly GBS, as a cause of earlyonset neonatal sepsis in symptomatic Brazilian infants.
We found indicators of bacterial infection in 38.7 per cent of 261 neonates, and infection was confirmed in 11.9 per cent of them. Given that most (94 per cent) of these symptomatic infants were born prematurely, high incidence rates of infection could be anticipated, since prematurity is recognized as the single most important risk factor for infection.
14 In a similar study, Boyle, et al. 3 estimated that 8 per cent (9/116) of neonates with respiratory distress in the first 24 h of life were septic. Dorand, et al. 15 detected a 4.8 per cent incidence of bacteremia in 145 infants referred because of respiratory distress. Furthermore, a report based on preterm deliveries by Brazilian mothers has confirmed early-onset bacterial infection in 20 per cent of the newborn infants. 16 Regarding etiology, our data show that Grampositive bacteria predominated (70.9 per cent) as agents of early bacteremia in this group of infants while Gram-negative bacteria were detected less frequently (29.1 per cent). In developed countries, as a probable consequence of increasing compliance with GBS-prevention guidelines, there was a recent observation of a trend towards decreasing numbers of early-onset GBS disease in neonates 17 and a shift towards Gram-negative organisms. 18 However, in other parts of the world 8, 9, 19 including a Latin American country, 5 and in agreement with our results, during the last decade Gram-positive bacteria (mainly GBS) continue to be more commonly detected than Gram-negative bacteria in infants with early-onset infection.
In our study, GBS was the most prevalent agent of bacterial infection whether considering only those infants with positive cultures for this agent (6/31, 19.4 per cent) or including those eight infants considered to be presumably infected by GBS (14/39, 35.8 per cent) who were identified by a test for contamination of the urine with perineal or rectal flora. 20 In another Brazilian population group in which maternal antibiotic use was more frequent, Korbage de Araújo, et al., 16 studying premature symptomatic and asymptomatic infants, found E. coli to be the most prevalent agent of early neonatal sepsis (28 per cent) followed by GBS (23 per cent). On the whole, and considering the findings of Benchetrit, et al. 21 who detected GBS in 25.6 per cent of Brazilian mothers and in 15.4 per cent of their infants, these data provide indirect evidence that GBS is an important pathogen of neonatal infectious disease in Brazil. There is thus a need for additional studies concerning the importance of GBS as an agent of invasive infection in various population groups for planning preventive measures in Brazil, since such steps have not yet been implemented.
In addition to GBS, several other Gram-positive bacteria have emerged as early-onset pathogens in this group of infants. The occurrence of early streptococcal bacteremia, mainly that caused by Streptococcus viridans, has been documented in other studies. 22, 23 The emergence of coagulasenegative staphylococci as a possible early-onset pathogen should also be evaluated. Although some of the isolates may contain culture contamination from cutaneous sites, 24 only blood cultures positive for this agent were considered as evidence of a true infection on the basis of clinical and laboratory features. In addition, given that coagulase-negative staphylococci have been detected in other studies, 5, 25 this agent will probably acquire increasing importance in early-onset infections, as also documented for H. influenzae. 26 In this high risk group of symptomatic and mainly preterm babies, the occurrence of proven early-onset bacterial infection was not associated with prenatal care, male gender, younger gestational age, lower birthweight or perinatal asphyxia, as revealed in other studies. 4 However, babies born by vaginal delivery and those whose mothers showed symptoms and/or signs of amniotic infection were two to three times more likely to exhibit culture-proven earlyonset infection. It is well known that the presence of intra-amniotic infection is strongly correlated with the risk of neonatal sepsis, 27 with many infants revealing bacteremia at delivery. Also, our data support those of Stoll, et al. 22 suggesting an apparent advantage of cesarean delivery for low birthweight infants with respect to the occurrence of bacterial infection.
In conclusion, our study shows that early neonatal bacterial infection may occur in up to 39 per cent of infants with respiratory distress within the first 4 days of life, and whose mothers did not receive antibiotics during gestation or labor. However, only a third of these infants will develop culture-proven infection, mainly those born to mothers with clinical signs of intra-amniotic infection or delivered vaginally. This high incidence of infection strongly suggests that symptoms of respiratory distress in infants should always prompt the rapid confirmation of clinical and laboratory findings of infection. In addition, given that GBS has emerged as the predominant causative agent in this population, preventive measures are warranted, considering that these may reduce the incidence of early infection.
